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IMTRODUCTION 

In  1949  the  State  Highway  Department  of  Indiana  and  the 
Bureau  of  Public  Roads  constructed  an  experimental  road  for  the 
purpose  of  investigating  means  of  preventing  pavanent  pumping  on 
highways  that  carry  a  hi^  traffic  volimie  with  a  normal  distri^ 
bution  of  heavy  axle  loads o  (1)* 

This  project  is  located  in  the  Northwest  comer  of  Indiana 
on  a  section  of  US  Road  Noo  Alo  The  test  road  is  entirely  within 
the  Valparaiso  morainic  area,  and  is  imderlain  by  mixtures  of  silt 
and  clays  deposited  during  the  Wisconsin  glacial  stagSo 

Each  mile  of  the  project  has  nine  subbase  sections  as  follows: 
(a)  txra  of  a  soil^^cement  mixture,  one  3  and  <me   5°inch  in  thick°= 
ness;  (b)  three  of  open»graded  cinished  stone,  one  each  with  a  3j, 
5  and  S  inch  thickness;  (c)  three  of  dense=^graded  crushed  stone,  one 
each  with  a  3,  5  and  3  inch  thickness;  and  (d)  one  section  where 
the  pavement  was  placed  on  the  natural  soilo 

In  order  to  deteroiine  the  differences  in  performance  of  the 
concrete  pavements  on  the  variou3=>subbase  treatments  many  types 
of  observations  have  been  made.  Among  these  are  pavement  roughness. 


*  NiMbers  in  parenthesis  refer  to  the  bibliography c 
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differential  levels^  visual  inspections  and  moisture  cell  reading8o(2) 

Included  in  the  original  plan  for  the  test  road  was  a  series 
of  deflection  studies  to  be  carried  on  by  the  Joint  Highway  Research 
Project  with  the  cooperation  of  the  Division  of  Engineering  Sciences 
of  Purdue  University 

This  pavanent  defleetion  project  was  initiated  in  October, 
1953ii  with  the  twofold  purpose  of  developing  a  multi-channel 
instrument  capable  of  measuring  dynamic  pavonent  deflections  and  of 
investigating  the  behavior  of  pavement -earth  systems  under  various 
load  conditions  r, 

PRELIMINARY  STUDIES 

Pavement  deflection  meastarements  were  made  by  means  of  differential 
transformers.  The  transformers  were  attached  to  the  pavement  and 
the  transformer  cores  were  connected  to  reference  rods  driven  into 
the  bottom  of  cylindrical  holes  in  the  earth.  The  relative  notion 
between  the  pavement  and  reference  rods  was  measured  o 

In  the  early  stages  of  this  investigation  much  effort  was 
directed  to  the  development  of  necessary  equipment  for  obtaining 
the  desired  pavement  deflection  measurements.,  A  major  task  was 
the  design  and  construction  of  a  fourteen  channel  recording  device o* 
Other  problems  which  were  considered  dealt  with  such  items  as:  proper 
design  of  a  transducer  holdenmnd  calibrating  device $.  effect  of 
variation  on  the  speed  of  the  test  vehicle,  effect  of  the  lateral 
placement  of  the  test  vehicle,  effect  of  changes  in  environment;,  and 
the  proper  depth  for  the  placement  of  reference  rods^  These  items  are 


*  The  development  of  this  instrument  is  covered  in  a  paper  which 

has  been  submitted  to  the  American  Institute  of  Electrical  Engineers, 
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discussed  under  separate  headings,. 

A  holder  was  developed  from  vihioh  the  transducer  could  be 
removed  when  not  in  usee  The  holder  was  composed  of  a  2-»inch 
diameter  ^  T'-inch  long  harass  sleeve  which  was  mortared  to  and 
moved  with  the  pavanent  (see  Figure  l)c  The  differential  tran8= 
former  was  placed  in  a  hollow  micrometer  threaded  cylinder  of 
non-^aagnetic  steel  which  screwed  into  the  brass  sleeve^  One 
revolution  of  this  transformer  holder  provided  a  displacement  of 
0,025  inches-, 

Reference  rods  were  made  of  1/2  inch  diameter  steel  having 
one  end  sharpened  and  the  other  end  turned  to  a  hemispherical  sur<» 
face  upon  which  the  transformer  core  holder  could  rest.^ 

The  transformer  core  holder  was  made  of  a  thin  brass  rod 
connected  to  a  socket  which  fitted  onto  the  top  of  the  reference  rodr 

Installation  of  Transducer 

Holes  were  made  in  the  paven^it  with  the  Indiana  State  High=- 
way  Department  Bureau  of  Tests  core  drilling  truck  and  also  the 
Purdue  Ifaiversity  Joint  Highway  Research  Project  core  driller, 

After  the  pavement  was  cored,  a  soil  auger  was  used  to  make 
holes  of  varying  depth  in  the  subgrade  Just  large  enough  for  a 
l-l/2=>inch  pipe  casing  ^^ 

Next  a  casing  of  l=^l/2»inch  galvanized  iron  pipe  was  placed 
in  the  hole^  The  pipe  length  was  chosen  so  that  the  top  of  the 
pipe  was  about  2»inche8  below  the  bottom  of  the  pavement , 

The  reference  rod  was  then  driven  into  the  subgrade o  The 
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rod  length  was  such  that  from  1  to  2<=^feet  extended  into  the  Sub» 
grade  below  the  bottom  of  the  hole  and  the  top  of  the  rod  came  to 
the  bottom  of  the  paranento  The  sleeve  mortaring  operation 
c(»tpleted  the  installationo  Figure  2  shatvB  the  installed  sleeve 
and  an  e^loded  view  of  the  core  holder^  tiransdueer  holder^, 
transducer,  electrical  leads^  and  sleeve  cover. 

Calibrating  Device 
A  device  was  developed  which  provided  direct  calibration 
in  the  field  (see  Figure  3)o  This  device  consisted  of  four  princi^ 
pal  parts:  a  housing  which  fitted  to  the  brass  sleeve  imbedded  in 
the  pavement^  two  rotating  sections  which  afforded  a  means  of 
fixing  the  calibrator  at  a  null  point  from  which  differential 
transformer  motion  relative  to  a  core  could  be  measured  in  incre=- 
ments  of  2«l/2  thousandths  of  an  inchp  and  a  connecting  link  that 
was  used  between  t  he  transducer  holder  and  the  bottom  of  the  internal 
rotating  part  of  the  calibrator «  The  parpoae  of  the  2=1/2  thousandths 
of  an  inch  increments  on  the  calibrating  device  was  to  provide 
linearity  calibration „ 

Initial  Installations 

In  September^  1954^  16  transducer  holders  were  installed  in 
a  section  of  the  US  Al  test  road  near  Cookj,  Indiana  .  This  site 
was  in  a  fill  section  having  a  Scinch  dense=>graded  stone  base 
beneath  the  Portland  Cement  concrete ^  Acting  on  the  best  informa=> 
tion  available  at  the  time,  A=°f oot  reference  rods  were  used , 

A  series  of  preliminary  measuronents  was  taken  on  the  above 
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mentioned  slte^  Upon  analysis  of  the  data^  the  question  arose 
as  to  the  proper  depth  at  vdiich  reference  rods  should  be  plaoedo 
Since  the  answers  to  this  question  were  of  primary  importance 
to  the  design  of  the  overall  eysperimetit ,   a  theoretical  and  experi<° 
mental  study  of  earth  motion  was  begun o 

Exploratory  observations  were  made  by  spanning  the  pavement 
with  a  50<»foot  antenna  mast  supported  at  each  end  and  having  a 
differential  transformer  attached  at  its  center.  As  a  result  of 
measurements  made  with  this  arrangement $  it  was  discovered  that 
the  reference  i>od  moved  on  the  order  of  one^half  as  much  as  the 
pavement o  This  meant  that  with  4°>foot  reference  rods  absolute 
deflections  of  the  pavemait  were  not  being  obtained , 

A  series  of  tests  designed  to  measure  earth  motion  at  increas- 
ing depth  was  made  in  both  a  cut  and  a  fill  section  of  Route  4lo 
All  tests  made  in  the  fill  section  were  also  repeated  in  the  cut 
section..  On  the  assumption  that  the  load  bearing  characteristics 
of  t^e  pavement  changed  with  environmental  conditions^  it  was 
decided  to  provide  a  control  rod  for  each  series  of  measiirsnentSo 
These  control  rods  were  installed  one  foot  from  the  test  rods., 
During  each  tests  nothing  was  changed  in  the  control  installation 
andj,  therefore,  changes  indicated  by  the  control  could  be  applied 
as  corrections  to  the  test  installation^  Four  series  of  measure^ 
ments  were  ioade  beginning  at  daybreak,  two  in  the  cut  section 
and  two  in  the  fill  section..  It  was  only  possible  to  run  one 
test  a  dayg  but  the  tvro  tests  made  in  the  fill  on  two  different 
days  gave  almost  identical  result  Sr,  This  was  also  true  of  the 
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cut  section o 

This  series  of  depth  of  influence  measurements  was  performed 
by  running  the  test  truck  over  the  gage,  and  recording  the  deflec- 
tion and  reference  rod  lengthy  The  procediu'e  was  repeated  for 
increasing  reference  rod  lengths  and  a  curve  of  deflection  versus 
rod  length  was  plotted  ( see  Figure  4) o  The  depth  of  influence 
appeared  to  be  greater  in  the  fill  section. 

Pilot  Section  Tests 

As  a  result  of  the  depth  of  influence  studies,^  a  pilot  section 
was  established  just  south  of  the  original  site.  This  pilot  section 
consisted  of  10  transducer  holders  installed  on  a  line  across  the 
pavement o  The  reference  rods  used  in  this  section  were  12  feet  long 
with  the  upper  10  feet  free  from  contact  with  the  soilo 

A  series  of  measxiranents  was  then  made  on  the  pilot  section o 
Tests  were  made  for  five  lateral  vehicle  positions  and  five  vehicle 
speeds  g  creep,  5,   10 j,  20 ,  and  30  toiles  per  houro  In  addition ,,  in 
order  to  determine  the  effect  of  variability  in  vehicle  speed  and 
lateral  position^  one  vehicle  made  30  consecutive  runs  in  the 
same  position  and  at  the  same  speed o  This  series  of  measurements 
consisted  of  over  2o250  individual  records. 


-o 
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Ef f eet  of  Eftvlronment 
A  series  of  preliminary  measuir Clients  were  also  made  to 
determine  how  the  load  bearing  characteristics  of  the  pavement 
changed  with  environmental  changeso  For  this  purpose ,  a  transom 
ducer  was  installed  in  the  center  of  the  driving  lane  and  a  test 
truck  passed  over  the  transducer  at  creep  speed  at  15  minute 
intervals.  During  the  period  of  the  test  from  10  AoMo  to  2  PoMop 
it  was  observed  that  the  pavement  deflection  with  this  same  load 
increased  steadily  until  it  was  finally  approximately  2--1/2  times 
as  great  as  the  original  deflection »  It  was  also  obsex^ed  that 
during  this  period^  the  center  of  the  pavement  was  continually 
laoving  upwards, 

Deflection  Profiles 
The  transverse  deflection  profiles  of  the  pilot  section  for  each 
lateral  vehicle  position  at  creep  speed  is  shown  in  Figure  5° 
Truck  105i  and  lOSg  are  the  same  vehicles  howeverj  the  curve  labeled 
truck  105.,  was  obtained  from  a  seating  run  made  preliminary  to  the 
runs  of  trucks  iOi»p  103  and  1052=  The  wei^ts  of  the  vehicles  are 
given  in  Table  lo  The  positions  of  the  transducers  and  the  lateral 
vehicle  positions  are  given  in  Figure  6. 
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Linearity  of  Pavement  Earth  System 
As  previously  noted «  Table  1  gives  the  load  at  each  vrtieel 
of  each  vehicle  <>  Loads  were  arranged  so  that  each  vehiclOp  as 
nearly-  as  possible,  had  the  same  front  wheel  loado  As  a  restiltj, 
the  deformation  of  the  pavonent  at  a  point  beneath  the  rear 
wheels  of  all  vehicles  had  equal  components  contributed  by  the 
front  wheels  (all  vehicles  had  the  same  vdieel  base)o  As  it  later 
developedj)  this  arrangement  did  not  effect  the  results  in  any 
appreciable  way  since  analysis  of  records  showed  the  contribution 
of  the  fr^nt  wheels  to  be  quite  small  and  any  small  differences 
in  front  wheel  loading  appeared  as  higher  order  differences  at 
the  rear  wheels^ 

All  vehicles  made  four  passes  at  creep  speed  at  each  of  the 
five  lateral  positions o  Figure  7  shows  a  representative  plot 
of  the  maximum  deflections  at  each  transducer  location  for  the 
three  test  vehicles  at  lateral  position  Bo 

On  the  basis  of  the  inTormation  gained  it  has  been  concluded 
that  over  the  range  of  loadings  used  and  tinder  the  conditions 
that  the  measurements  were  made^  the  pavement^^aziih  system  behaves 
quite  linearly^ 


'i    O)':'^-     t-'- 
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Effect  of  Changes  in  Vehicle  Position 

One  of  the  factors  contributing  to  the  variance  of  measure^ 
ments  in  the  field  was  control  over  vehicle  lateral  posltlono 
As  a  consequence  J,  part  of  the  series  of  measurements  made  on  the 
pilot  section  was  planned  to  provide  an  estimate  of  the  effect 
on  pavement  deflection  of  a  small  change  in  the  lateral  placement 
of  a  vehicle^ 

These  measuremaits  were  made  on  the  deflections  at  each 
of  the  ten  transducers  as  vehicle  105  passed  foiir  times  at  creep 
speed  over  each  of  the  five  chosen  load  paths ;, 

The  maximum  deflections  at  each  transducer  position  were 
taken  from  the  records  and  were  plotted  in  a  manner  indicating 
the  rate  of  change  of  deflection  with  respect  to  lateral  displace^ 
m«ito  laical  curves  are  shown  in  Figure  8, 

Some  care  should  be  used  in  interpreting  these  measurements 
since^  (1)  each  measured  deflection  resulted  from  simultaneous 
loads  at  two  lateral  placements  (the  two  sets  of  adjacent  ^eels) 
and  (2)  the  increment  of  lateral  placement  was  3, 55  feeto  The 
first  condition  would  probably  tend  to  reduce  the  rate  of  change 
of  deflection  with  respect  to  lateral  displacement  at  points 
located  between  the  wheels  (between  points  of  application  of 
loads) ,  The  second  condition  leaves  the  curves  undefined  between 
points  of  load  application: 

As  mi^t  be  expected^i  the  greatest  rate  of  change  of  deflec< 
tlon  with  respect  to  lateral  position  occurred  at  the  edges  of 
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the  pavement o  The  rate  of  change  at  the  center  of  the  pavement 
(t^ere  the  driving  and  passing  lanes  Joined)  should  also  be 
large  because  of  the  relatively  small  amount  of  load  transfer 
from  one  section  to  the  other^  however  a  quantitative  estimate 
was  not  inferred  from  the  data  because  the  vehicle  when  in 
position  C  straddled  the  center  line  and  consequently  the  load- 
ing  of  the  passing  and  driving  lanes  was  not  symmetrical 

To  control  the  variance  in  deflection  at  the  edge  of  the 

± 
pavement  (when  a  vehicle  is  near  the  edge)  to  within  Z  1^8  the 

position  of  the  vehicle  must  be  controlled  to  stay  within  _  ^4 

inches  of  the  prescidbed  patho  This  restriction  applies  to  a 

vehicle  traveling  at  creep  speed  along  the  edge  of  the  pavement  <> 

Corresponding  restrictions  at  the  other  positions  in  the  pave^ 

ment  when  a  vehicle  is  traveling  at  creep  speed  are  not  as 

stringent o 

Since  control  over  lateral  vehicle  placanent  becomes  more 
difficult  at  increased  speeds  one  would  expect  this  factor  to 
produce  a  larger  component  of  variance  in  measurements  made  at 
hi^er  speeds c  Measurements  made  at  higher  speeds  show  this 
to  be  true 

Because  the  pavement -earth  Systran  behaves  as  a  linear  elastic 
system  it  is  possible  to  devise  an  experim^t  that  will  take 
advantage  of  this  property  in  such  a  vray  that  an  equivalent 
single  wheel  load  along  with  closely  spaced  increments  of  lateral 
displacement  may  be  obtained-,  All  that  is  necessary  to  accomplish 
this  is  to  provide  vehicle  paths  such  that  by  algebraically 
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superpoiaing  deflections  a  resultant  deflection  is  obtained  which 
is  equivalent  to  that  caused  by  the  load  at  one  wheel..  Such 
a  procedur^^  would  enable  one  to  obtain  a  more  accvirate  representa^ 
tion  of  the  e\ffest  of  changes  in  lateral  plaoesaento  This  principal 
was  used  to  ob\\ain  an  equivalent  uniformly  distributed  transverse 
load  for  the  earJih  motion  study  which  will  be  discussed  in  a  later 
section o 

Effeet  c'f  Changes  in  Vehicle  Speetf. 

A  part  of  the  serious  of  tests  on  the  pilot  section  was  made 
in  order  to  obtain  an  estlimte  of  the  component  of  variance 
contributable  to  changes  in  apeed  and  to  prc^dde  information  use° 
ful  in  designing  a  full  scale  experiment  for  more  carefully 
exploring  the  relatione'hip  between  vehicle  speed  and  paveaent 
deflection,. 

The  runs  consisted,  in  addition  to  seating  runsj,  of  three 
passes  by  the  test  ts-uck  at  speeds  of  creepj  5>10p  20p  and  30  miles 
per  hour  at  placement  A  on  the  pilot  section o 

Representative  re&ults  from  the  pilot  section  are  plotted  in 
Figure  9,^ 

An  attempt  was  made  to  minimize  the  effect  of  environmental 
changes  upon  the  measurements  mad«  at  the  pilot  section  by  making 
the  runs  at  the  five  different  speeds  within  a  period  of  fifteen 
minutes. 
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Effeet  of  Changes  in  Environment 

A  part  of  the  sezdes  of  tests  on  the  pilot  section  was  de° 
signed  to  provide  information  relative  to  the  effect  of  environ= 
mental  changes  on  pavement  defleetiono 

It  is  well  known  that  a  concrete  pavement  will  warp  when  the 
tenqierature  of  its  surface  ©hangeso  Consequently,  if  a  load  is 
repeatedly  passed  over  a  given  path  of  the  pavement  one  mi^t  expect 
the  deflestion  at  a  partiisular  point  to  change  if  the  environment 
of  the  pavement  ehangedo  In  order  to  explore  this  problem,  measure^* 
ments  over  a  period  of  three  hours  were  made  at  each  transducer 
position  of  the  pilot  section  for  all  lateral  positions  of  the  three 
test  loadso  Points  representing  maximum  deflection  at  <rehl@le  posl'^ 
tion  A  have  been  taken  as  representative  and  are  shown  on  Flgisre  lOo 

Attention  sho\ild  be  called  to  the  fact  that  each  point  represents 
one  observation  and  is  therefore  not  necessarily  representative  of 
the  meano  However,  the  standard  error  for  large  sanples  of  measure^ 
ments  of  this  sort  has  been  found  to  be  on  the  order  of  1^  of  the 
meano 

The  effect  of  changes  in  environment  can  be  summarized  as  follows: 
(1)  The  load  carrying  characteristics  of  the  pavement-earth  system 
changed  appreciably  as  a  result  of  changes  in  envircnmento  (2)  There 
is  some  evidence  that  the  system  remained  fairly  linear  over  the  l@iad 
range  used  even  though  a  change  occurred  in  the  amount  of  deflection 
caused  by  a  particular  loado  (3)  Not  enough  is  yet  known  about  the 
relationship  between  initial  conditions  of  the  pavement  system 
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(condition  of  warping),  and  defleetion  due  to  inoving  loads  to  be  able 
to  aeeurately  prediet  magnitudes  of  defle©tiono 

If  it  ean  be  shown  that  the  pavenent'^ai^h  system  behaves 
linearly  at  any  arbitrarily  chosen  time,  an  accurate  statistical 
description  of  the  boundary  conditions  may  perhaps  lead  to  a  some'° 
what  general  solution  of  the  problem  of  perforimnce  prediction  and 
eonparisono  Such  a  statistical  description  of  the  boundary  conditions 
would  undoubtedly-  require  a  well  planned  series  of  measurements  made 
over  a  period  of  several  monthso 

It  should  be  observed  that,  in  addition  to  the  cyclic  changes 
in  the  system,  long  tem  changes  are  also  taking  place  »  the  pavement 
cracks,  pumping  action  takes  place,  and  the  ntodulus  of  elasticity  may 
changeo  All  these  things  contribute  a  non'- stationary  component  whitsh 
complicates  the  use  of  statistical  methodso  However,  it  may  be  that 
over  periods  of  a  year  or  less  the  non-=stationary  component  will  not 
be  noticeabloo 
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ADDITIONAL  DEPTH  OF  INFLUENCE  STUDIES 

Hie  proper  depth  for  placement  of  the  reference  rods  was  con=- 
sidered  to  be  of  sueh  basic  nature  that  further  tinie  and  effort  vrere 
devoted  to  this  subject  before  the  evaluation  of  the  subbase  tjrpe 
>»as  initiatedo  These  additional  studies  were  carried  out  at  two 
different  siteso  This  work  is  covered  in  following  sectionso 

At  the  sajne  time  the  esperimental  work  was  being  carried  out 
in  the  field^  a  theoretieal  study  was  beg\in  to  evaliiate  earth  motion 
beneath  a  loaded  pavemento  St^oe  basic  assim^tions  of  the  stu^y  were 
to  consider  tbs  earth  as  a  send-inf inite ,  homogeneous,  isotropic , 
elastic  medium  whose  upper  suxface  is  displaced  in  the  fosm  of  an 
infinitely  leng  trench  having  a  profile  with  a  specified  forme  A 
comparison  between  theoreti^l  results  and  experimental  ?«3sults  is 
presented  in  Figure  Ho  Possible  reasons  for  the  discrepancies  be» 
tween  theory  and  experiment  are  in  the  assumption  of  a  homogeneous  ^ 
isotropic  and  elastic  medium  and  als@  in  the  selection  of  boundary 
conditionso  These  assuaqttions  are  more  idealized  than  the  conditions 
that  actually  exist- 

As  an  addition  to  the  knowledge  gained  in  tests  at  Cookg,  Indiana ^ 
another  depth  of  influence  experiiMnt  was  made  at  the  Pus^ue  University 
Airport  during  December,  1955°  In  this  experiment  simultaneous  mea'- 
suremsnts  of  the  relative  motion  between  the  pavement  and  five  specified 
depths  were  madeo  A  row  of  five  differential  transformers  with  one 
foot  between  centers  was  installed  in  the  middle  of  a  45  *  10"  by  13 »  9" 
concrete  slabo  Reference  rods  for  transducers  were  anchored  at  depths 
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of  3,6,10,15»  and  19  f«et  below  the  top  of  the  pavement.  Eight  test 
lanes  were  laid  out  so  that  the  lateral  position  of  the  test  truek 
eould  be  eontrolledo 

IWo  types  of  tests  were  perfonnedo  One  set  of  fifteen  identiisal 
runs  was  made  to  determine  the  variability  of  the  cosplete  sensing 
and  measuring  systeiPo  In  the  other  test  one  run  v&s  made  in  each  of 
the  test  lanes  at  the  same  speedo  Beeause  of  the  v&y  the  test  lanes 
were  ehosen,  the  wheel  positions,  eonsidei^ng  all  eight  runs,  were 
almost  uniformly  spaced  and,  hen@e,  represented  a  close  approximation 
to  a  line  loado  The  piarpose  of  this  was  to  give  a  boundary  condition 
on  the  top  of  the  earth  under  the  pavement  that  would  be  similar  to 
the  one  assumed  in  the  theoreti@al  developmento 

In  an  attempt  to  further  in^jrove  on  the  depth  of  influence  tests, 
a  series  of  measurements  was  OBide  on  a  pavement  slab  on  US  52  about 
l/2Hraile  west  of  iO-ondike,  Indiana  during  June,  1956o 

The  istprovements  were  as  follows: 

(1)  A  slab  was  selected  in  a  cut  section  in  the  hope  of  attaining 
a  fairly  homogeneous  subgradej,  (2)  By  using  the  power  driven  soil 
auger  it  was  possible  to  auger  to  about  43  feet  below  the  ;»vemento 

Six  transdu@ers  on  one  foot  ©enters  were  installed  on  the  ©enter 
line  of  the  driving  laneo  These  transdugers  wez^  also  eentered  in  the 
dirsotion  of  the  length  of  the  slabo  The  free  length  of  the  referense 
rods  were  I^-IO",  5'=4",  9''-5",  3/t«=ll%  27«-0",  and  k2^<-7"o 

Depth  of  influence  curves  for  the  Purdue  Airport,  US  52,  US  41 
and  the  theoretical  pa?oblem  are  shown  in  Figure  llo  The  experimental 
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eurves  ean  not  be  directly  ecn5)ared  since  ttiey  involved  different 
pavements  and,  of  eourse,  different  subgradeso  However,  they  exhibit 
the  aanie  general  shape  o 

(SNEBAL  EXPERIMENTAL  PROCEDURE 

As  was  previously  noted,  each  mile  of  the  US  41  test  road  v&o 
divided  into  nine  se@tions  with  eaeh  seetion  having  either  a  different 
foundation  treatment  or  a  varying  depth  of  subbaseo 

The  ©onerete  pavement  for  the  entire  projeet  was  24  feet  wide, 
9  inches  thi@k  at  each  edge  and  6  in@hes  thi@k  at  the  eentero  Ths 
test  sections  were  reinforced  with  4^  pounds  ©f  mesh  per  100  square 
feet  and  contained  contraction  joints  spaced  at  40'°foot  intervals  with 
load  transfers  one  foot  on  eenterso 

Cwnoarison  of  Nine  Subggade  Treatoents 
Three  slabs  from  each  of  the  nine  sections  of  one  mile  of  the 
Test  Road  were  chosen  t©  be  testedo  In  an  effort  to  select  slabs  as 
nearly  identical  as  possible  it  dsTeloped  that  the  three  slabs  were 
usually  not  adjaeento  Factors  whieb  prevented  choosing  adjacent  slabs 
were  as  follewss 

(a)  Slabs  vdth  appreciable  differences  in  location  of  transverse 
cracks  were  not  usedo 

(b)  Slabs  with  evidence  of  excessive  punping  ware  not  usedo 
(c/  Slabs  which  adjoined  crossovers  or  driveways  were  not  usedo 
(d)  Slabs  near  culverts  were  not  usedo 

The  locations  of  the  test  slabs,  the  deflection  devices,  and  strain 
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gages  ars  shown  on  Figure  12o 

The  quax°ter  point  deflection  gage  locations  in  the  ©enter  of 
the  driTlng  lane  were  made  10  feet  from  the  north  joint  of  the  slabs 
since  this  was  approxiioately  midway  between  the  joint  and  the  usual 
transverse  @2°aek  in  the  slabo  The  defleetion  gage  locations  along 
the  edge  of  the  slabs  were  placed  so  that  the  center  of  the  gago 
would  be  3°-l/2  inches  from  the  edge  of  the  slabo  To  aid  in  the  in- 
"^^estigation^  strain  gages  were  applied  on  the  surfaces  of  the  concrete 
section  being  studiedo 

Guide  lines  for  the  center  of  the  left  front  wheel  were  drawn 
on  the  pavement  with  yellow  erayono  The  truck  drivers  with  the  help 
of  guides 9  stationed  in  front  of  the  trucks,,  used  these  lines  to  @on=- 
trol  lateral  placemento 

One  line  was  drawn  so  that  the  center  of  the  right  rear  dual 
assemblly  was  4  feet  from  the  west  edge  of  the  pavemento  This  placement 
had  been  determined  by  previous  study  &s  the  average  lates^l  placement 
for  this  particular  roado 

The  other  line  was  drawn  so  as  to  get  the  truck  as  close  to  the 
edge  of  the  pavement  as  possible  without  hitting  the  gages o  This  di@> 
tance  was  0^5  feet  from  the  west  edge  of  the  pavement  to  the  outside 
edge  of  tire  treado 

For  each  of  the  above  lateral  placements  the  test  trn.'sks  made  a 
minimum  of  twelve  passeso  This  number  of  passes  was  chosen  oin  the 
basis  ©f  earlier  work  which  shswed  that  the  mean  deflection  could  be 
placed  within  a  band  width  of  t  Oo6^  if  the  passes  were  efficiently 
close  together  in  timso 
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Sin@e  pavement,  warping  @aused  the  load  defleetion  eharaeteristi^s 
of  the  payement  to  vary  with  time»  a  eonts^l  seetion  was  establishedo 
This  was  qiiite  neQenaary,   8in@e  no  more  than  one  section  eould  be 
tested  on  any  given  dayo  Hheref^Oj,  Seetion  4B  (see  Figure  12)  with 

A. 

3  inches  dense  graded  subbasOj,  was  arbitrarily  ehosen  as  the  control 
ssetlono  At  the  same  time  that  any  given  seetion  was  being  tested^ 

an  identLsal  test  was  peffognsed  on  the  eontrol  seetiono  Two  nearly 
identieal  trusks  were  usedo  The  only  differenee  in  the  trueks  being 
a  slight  difference  in  tire  sizeo  The  trueks  were  leaded  eqmLly 
with  sando 

Statistical  Inferemges 

A  statistisal  analysis  was  made  on  the  results  of  the  tests  on 
the  nine  sestionso 

This  analysis  was  only  possible  fo?  the  ©enter  gauges  located 
at  the  quarter  points  (see  Figure  12),  sin©e  the  quarter  points  in= 
volved  three  slabs  from  eaeh  sectiono 

A  statistical  analysis  was  not  possible  for  edge  and  @omer  de- 
fleetions  and  edge  strain  sinee  only  one  slab  from  eaoh  section  was 
tested  and  therefore  the  slab  to  slab  variance  was  unknowno 

In  the  analysis  of  the  quarter  points^  comparisons  of  the  ratios 
©f  test  se@tion  t@  control  seetion  deflections  (as  gi^en  in  Figiore  13) 
were  made  for  like  treatments  and  like  thieknesseso  For  exanqsleg  S 
in@hes  open  was  eooqjared  with  3  in^es  open  and  8  inches  dense  but  not 
with  3  inches  densco 

As  a  result  of  this  analysis ^  signifi@ant  differenses  in  de- 
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flection  ratios  tisre  foxind  between  the  foUowings 

8  inehes  open  and  3  inches  open  5  inehes  and  3  iasbea  open 

8  in@he'^  open  and  5  inehes  open 
8  in^hos  open  and  8  Inehes  dense 
8  inehes  open  and  tmtsfeated 
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CONCLUSIONS 

Th®  general  conelwaions  here  aire  based  on  the  pavement  de» 
fle@tion  studies  and  are  as  follows: 

lo  The  motion  of  ©onspete  pavements  defleeted  by  moving  loads  may 
be  measured  with  a  hi^  degf»e©  of  ps^eeision  by  means  of  dif- 
ferential transfoifiiierso 

2o   It  is  possible  to  provide  direct  calibration  to  the  measurements 
of  eonsrete  pavement  deflestionso 

3o   Deflestion  profiles  of  eonerete  pavements  laay  be  obtained  by 
making  simultaneous  measurements  along  a  line  transverse  t@ 
the  path  of  the  loading  vehieleo 

4c   Over  the  single  rear  axle  load  range  of  4s,000  t©  20,000  Ibso 

the  elasti@  piroperties  of  the  e^ierimental  section  of  pavement  on 
US  Route  41  are  quite  linearo 

5o   laek  of  igontrol  ®f  lateral  vehiele  position  ©an  be  a  n»jor  ©ontal= 
buting  factor  to  '^arianee  of  pavement  deflection  meastiremsntso 
With  the  vehicle  near  the  edge  of  the  paven^nt,  changes  in  de- 
flection of  about  iSf,   measured  at  the  edge^  were  n©ted  with  a 
©hange  @f  o4  in@bes  in  lateral  position  of  the  vehi@leo 

6o   Pavement  deflections  decreased  with  inereas©  in  speed  of  the 
■^ehisle  in  the  range  of  creep  t®  20  inpho  This  effect  is  als® 
more  pronouneed  at  the  pavement  edge  than  in  the  ©enter  of  the 
dri-^ng  laneo  For  one  of  the  conditions  of  load  and  lateral 
placement s  as  speed  was  Increased  from  creep  to 
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20  nph,  a  10o8^  de@rease  in  defleetion  occurred  at  the  sentesp 
of  the  driving  lane  and  a  23ol^  deersaso  oecurred  at  the  edge 
of  the  pa-yemento 

7o   Earth  n^stion  beneath  a  load  provided  by  a  truek  with  20000 
pounds  on  dual  rear  ajsles  is  inflnen©ed  by  the  soil  profile o 
The  naadmum  depth  of  influenga  was  found  to  be  15  feet  at  the 
test  sites  on  US  41  and  4§  feet  at  one  point  on  US  52 o 

So   The  lead  earrying  eharacteristiss  of  the  pavement^earth  system 
©hange  appreeiably  as  a  result  of  changes  in  enviromient  be- 
cause of  pavement  warpingo 

9o   On  the  basis  of  rsseareh  t©  date,  the  g«lationship  between 

initial  ©onditions  ®f  the  javeraent  system  (condition  of  warping) 5 
and  defle@tion  due  to  moving  loads ^  is  not  slear  and  precludes 
the  acciirate  prediction  of  knowledge  of  loadso 
lOo   The  defleetions  measured  on  the  nine  seetions  of  experimental 
pavement  on  US  41  at  the  quarter  points  in  the  center  of  the 
dri^ng  lane  for  edge  loading  decreased  significantly  (in  a 
8tatisti©al  sense)  as  subbase  thickness  increased  for  the 
©pen  graded  subbase  and  the  8  inshes  open  graded  gave  signi-^ 
ficantly  less  deflection  than  the  8  inches  dense  graded  and 
the  untreated  subbaseso 
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4G 

3"  open  graded 

4H 

5"  open  graded 

4J 

8"  open  graded 

4B 

The  control  section- 
s'* dense  graded  subbase 
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